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This  Final  Raport  is  submitted  in  fulfillment  of  Contract  No. 
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ABSTRACT 


Tables  of  the  U.S.  Standard  Atacaphere  1962  were  cooputed  and  tabu¬ 
lated  up  to  only  90  km  as  functions  of  Integer  kilometer  values  of  both 
geometric  and  geopotential  altitudes.  The  geopotential  tables  have  now 
been  extended  to  120  km  altitude.  This  extension  Involved  the  develop¬ 
ment  cf  an  empirical  function  relating  ^opotentlal  to  geometric  n^ltltude.- 
A  discussion  of  this  function  along  with  limited  geopotential  tables  was 
prepared  for  the  U.S.  Standard  Atmosphere  Supplesmnts  1966.  This  func¬ 
tion  has  also  been  used  to  prepare  more  extensive  tables  relating  geopc- 
tential  to  geometric  altitude  and  vice  versa  up  to  10,000  km  for  latitudes 
from  0  to  90  degrees.  In  addition,  a  computer  method  was  developed  for 
automatically  generating  multilayer  atmospheric  siodels  which  rigorously 
fit  arbitrary  upper  and  lower  boundary  conditions. 
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SECTION  I 


INTRODUCTION 


Contract  AF 19 (62 8) -6085  dealt  with  work  performed  in  the  fulfillment 
of  the  following  five  items  of  the  Work  Statement: 

Item  1  -  Develop,  and  program  for  computer,  a  method  of  generating 
temperature -density  vs.  altitude  profiles  which  match  temperature  and 
density  boundary  conditions  at  two  altitudes  for  the  case  in  which  the 
two  altitude  boundaries  encompass  a  number  of  atmospheric  layers  character- 
4ged  by  -an— taothermal  layer  at  the  bottom,  and  monotonlcally  increasing 
values  of  temperature  gradient  in  the  successively  higher  layers. 

Item  2  -  Expand  the  existing  “U.S.  Standard  Atmosphere,  1962"  by 
extending  tables  of  the  properties  as  a  function  of  integral  multiples 
of  geopotential  kilometers  in  the  altitude  region  90-120  geometric  kil¬ 
ometers. 

Item  3  -  Develop  a  simplified  function  for  relating  geopotential 
and  geometric  altitude  which  would  be  in  substantial  agreement  with  the 
relationship  used  in  the  standard  atmosphere  iihlle  not  having  its  com¬ 
plexity. 

Item  4  -  Prepare  tables  relating  geometric  altitudes  at  various 
latitudes  through  their  equivalent  values  of  geopotential. 

Item  5  •  Prepare  text,  graphs,  and  tables,  tdiich  may  be  used  in  the 
"U.S.  Supplemental  Atmospheres,  1966." 

While  the  five  items  of  the  Work  Statement  all  fall  within  the 
general  field  of  atmospheric  models,  each  item  posed  a  separate  specific 
problem.  Each  work  unit  was  performed  independently  and  the  results  of 
each  investigation  were  reported  in  a  Scientific  Report  when  that  unit 
was  completed.  Consequently  there  remains  no  portion  of  the  overall 
investigation  which  has  not  already  been  thoroughly  reported. 

The  results  of  the  investigation  performed  under  items  2  and  3  were 
reported  simultaneously  in  Scientific  Report  2  (Ref.  1).  The  results  of 
each  of  the  remaining  three  investigations  were  reported  in  three  separate 
Scientific  Reports  (Ref.  2,3,4). 

The  results  of  the  investigations  were  reported  almost  in  inverse 
order  to  the  worV -statement  number  as  shown  in  the  following  table. 
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Work  Statement  Item 


Corresponding  Scientific  Report 
Number 


1  4 

2&3  3 

5  2 

4  1 


Because  of  the  extensive  tables  in  each  of  the  Scientific  Reports, 
no  attempt  has  been  nade  to  present  abridged  versions  of  these  reports 
as  chapters  in  this  final  report.  Rather,  the  remainder  of  this  report 
consists  of  a  reproduction  of  the  Title  Page,  the  Preface  (Report  1  did 
not  have  a  Preface),  the  Abstract,  the  Table  of  Contents,  and  the 
References  of  each  of  the  four  Scientific  Reports.  These  are  presented 
sequentially  according  to  Scientific  Report  number.  These  reproduced 
portions  provide  in  essence  a  summary  of  the  work  reported  and  also 
indicate  its  scope. 
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ABSTRACT 


Simple  analytical  relationships  between  geopotential  and  geo¬ 
metric  altitude  Z«  for  various  latitudes  *  are  presented  with  the 


required  constants  for  relating  He  to  Z,  and  Zt  to  H  at  each  of  eight 
latitudes  0®,  15°,  30°,  45°,  60°,  75°,  90°,  and  at  the  reference  latitude 


R  equal  to  45°  32*33''  which  latitude  corresponds  to  the  standard  sea- 
level  gravity,  9.80665  m  sec“^.  Values  of  Hg(Z)  were  computed  for  geo¬ 
metric  altitudes  between  0  and  10,000  km:  values  of  ZgCH)  were  computed 


for  the  equivalent  range  of  geopotentials,  between  0  and  3900  standard 
geopotential  kilometers  (km^).  Computed  values  of  Z^  and  for  the 
other  latitudes  are  presented  as  differences  (Z^  -  Z|()  and(H^  -  Hj^)  is 
functions  of  both  argument  pairs  HgCZ)  and  Zg(H) ,  thereby  leading  to 
four  sets  of  tables.  Values  of  Hg(Z)  and  Z^CH)  are  compared  with  the 
corresponding  values  from  the  U.  S.  Standard  Atmosphere  Hg(Z)  and 
ZgCH).  These  comparisons  show  the  difference  (Hg  -  to  be  -33  meters 

at  Z.  *  700  km,  while  the  difference  (Zg  -  Zg)  is  shown  to  be  55  meters 
at  the  corresponding  value  of  Hg  >  630  km^. 
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PREFACE 


In  keeping  with  the  conaiderablc  accuaulatlon  of  atawapheric  data  above 
30  km  altitude,  since  the  preparation  of  the  U.S.  Standard  Ataoaphere,  1962, 
the  Committee  on  Extension  to  the  U.S.  Standard  Atanaphere,  COBSA,  of  which 
the  writer  is  a  member,  considered  it  prudent  to  prepare  "U.S.  Standard 
Atmosphere  Supplements,  1966"  which,  unlike  the  existing  Standard  AtaxMphcre, 
contains  tables  of  atmospheric  properties  for  various  latitudes  as  a  function, 
of  geopotential,  but  with  equivalent  geometric  altitudes  only  for  45°  lati¬ 
tude.  To  relate  these  tables  to  the  appropriate  geometric  altitudes  at  other 
latitudes  required  the  preparation  of  a  transformation  table.  Such  a  cable 
and  appropriate  text  was  prepared  by  the  writer  for  the  inclusion  in  U.  S. 
Standard  Atmosphere  Supplements,  1966.  This  technical  report  contains  Che 
transformation  table  and  text  for  use  in  anticipation  of  the  Covenusent 
Printing  Office  Publication  of  the  larger  docusmnt.  The  numbering  paragraphs, 
tables  and  figures  follows  that  of  the  larger  document. 

The  writer  prepared  the  text  and  tables  at  the  request  of  COESA,  and 
made  the  preliminary  investigations  and  ground-work  study  under  the  sponsor¬ 
ship  of  Contract  NASw-122S.  The  final  versions  of  table  and  text  are  pre¬ 
sented  here  in  fulfillment  of  the  requirements  of  Item  5  of  Contract 
AF19(628)-6085. 


ABSTIACT 


The  influence  of  the  acceleration  of  gravity  on  atnospheric  properties 
varies  with  latitude  and  with  altitude  as  the  acceleration  of  gravity  simi¬ 
larly  varies  with  these  parameters.  One  method  for  normalizing  the  variation 
of  ataoaphecic  properties  with  respect  to  the  variation  of  the  acceleration 
of  gravity  ia  to  express  the  values  of  the  stmod^eric  properties  as  a  func¬ 
tion  of  geopotential.  The  relatidhships  between  geopotential  and  geometric 
altitude  are  Chen  uaed  to  apply  the  acamapheric  data  to  the  proper  altitudes 
at  any  particular  latitude.  Tables  of  such  relationships  for  altitudes  from 
0  to  1000  km  for  latitudes  from  0  to  90  degrees  are  presented. 
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PtEFACE 


niia  report  ie  mibaltted  in  fulfillaent  of  icens  2  and  3  of  Contract 
Afl9((28)*608S  aonltorad  for  AFC8L  by  Frank  Mareoa.  It  pretents  a  set  of 
tables  consisting  of  an  extension  of  the  U.S.  Standard  Atawsphere  in  the 
altitude  region  of  90  to  120  kn  for  which  region  cables  had  originally  been 
p«Alished  only  as  a  function  of  integral  aulciples  of  one  geoaetric  kiloawter. 
Ihe  tables  in  this  report  are  presented  as  a  function  of  integral  awlciples 
of  one  standard  geopotential  kilosater  and  includes  a  discussion  of  the  various 
efHationa  and  constants  involved. 

this  report  also  includes  the  developnent  of  a  siag>lified  function  for 
oeeuracely  relating  geopotential  and  geoswCric  altitude. 


ABSTRACT 


11ie  "United  States  Standard  Atmosphere,  1962",  vss  published  with  two  kinds 
of  metric-unit  tables  for  the  altitude  interval  from  -5000  to  90,000  sieters.  One 
kind  of  table  presented  the  atmospheric  properties  as  a  function  of  integral 
multiples  of  particular  numbers  of  geopotential  meters  while  the  second  presented 
the  atmospheric  properties  as  a  function  of  integral  multiples  of  similar  numbers 
of  geometric  meters.  For  the  region  above  90,000  meters,  altitude  only  one  t3rpe 
of  metric  table  was  published.  This  type  presented  atmospheric  properties  in 
Integral  multiples  of  particular  numbers  of  geometric  meters.  A  similar  situa¬ 
tion  prevailed  for  the  Engllsh-unit  tables.  Ihe  need  for  both  metric-unit  and 
Engllsh-unit  tables  as  a  function  of  Integral  multiples  of  specific  numbers  of 
geopotential  meters  for  altitudes  above  90  kilometers  has  prompted  a  new  set  of 
calculations,  which  required  the  use  of  equations  not  specifically  presented  in 
the  United  States  Standard  Atmosphere,  1962.  The  development  of  these  equations 
is  discussed  and  the  value  of  all  constants  employed  are  given.  The  calculations 
involve  n  transformation  between  geopotential  and  geometric  altitude,  and  the 
development  of  an  empirical  analytical  expression  relating  these  quantities  is 
presented.  This  empirical  function  yields  results  which  differ  by  less  than  0.1 
meter  at  700  km  altitude,  from  those  computed  in  an  unspecified  manner  for  the 
United  States  Standard  Atmosphere,  1962. 
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PREFACE 


Atmospheric  models  arc  frequently  generated  for  apccific  regioaa  of  the 
atmosphere  in  accordance  with  a  particular  set  of  observations.  For  eMBipte, 
for  the  region  20  to  90  km  or  for  the  region  120  to  100  km  altitude.  Thmnn 
models  are  not  necessarily  extended  to  sea  level,  neither  are  they  designed 
to  be  continuous  with  some  other  existing  model  at  either  end  of  the  inclnded 
range.  In  some  instances  it  becomes  desirable  to  exactly  connect  two  such 
models  with  a  transition  model  atsnsphcrc  which  for  the  examples  cited  would 
extend  between  90  and  120  km.  This  report  discusses  a  method  suitable  for 
generating  such  transition  models. 
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ABSTRACT 


' -ii.'MIf  Mt  of  teoporaturci pressure  end  density  values  which  are  realistic 
eltiCoAs  esa  be  exactly  connected  to  another  set  of  temperature, 
^Hi|aiieb*ilid  density  values  at  a  second  altitude,  with  a  nodel  atmosphere 
'iMipfahit  the  appropriate  linearly  segswnted  two-layer  teiq>erature-altitude 
aHplIb  fravidad  one  of  these  layers  is  isothermal  and  the  second  is  a  nonsero 
VMHbSBt  gradient  of  temperature  with  respect  to  height. 

the  altitude  coaprising  the  intersection  of  the  two  segments  of  the 
Pagiilred  taaperature -altitude  profile  is  determined  mathematically.  The  method 
iir,.4aaerating  two-layer  models  is  applied  to  the  generation  of  three-layer 
four -layer  sMdels. 
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II.  iMTaacT 


Tablas  of  the  U.S.  Standard  Atnosphara  1962  uara  coayutad  and  tabulated  up 
to  only  90  loB  as  functions  of  intafar  kilonatar  valuas  of  both  gaoaatric 
and  gaopotantial  altitudas.  Tha  gaopotantial  tablas  hava  now  baaa  axtaadad 
to  120  lui  altituda.  This  axtaasion  Involuad  tha  davalopaaat  of  an  applxleal 
function  ralatlng  gaopotantial  to  gaonatrie  altitude.  A  discuaaion  of  this 
function  along  with  llnltad  gaopotantial  tablas  was  praparad  for  tha 
D.8.  Standard  Atassphano  8upplaasnts  1966.  This  function  has  also  bean 
used  to  prapara  nora  astansiwa  tables  ralatlng  gaopotantial  to  gaonatrie 
altituda  and  vice  versa  up  to  10,000  Ini  for  latituias  fron  0  to  90  dagraas. 
In  addition,  a  conpotar  nsthod  was  davalopad  for  aotonatlcally  ganaratiag 
nultilayar  atnospis  ric  nodals  which  rigorously  fit  srbitrary  upper  and 
lower  boundary  conditions.  (.  j 
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